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SINGLE PHASE MOTOR DRIVING CIRCUIT, AND 
SINGLE PHASE MOTOR DRIVING METHOD 

NOTICE OF COPYRIGHTS AND TRADE DRESS 

[0001] A portion of the disclosure of this patent document contains material which is 
subject to copyright protection. This patent document may show and/or describe matter 
which is or may become trade dress of the owner. The copyright and trade dress owner has 
no objection to the facsimile reproduction by any one of the patent disclosure as it appears in 
the Patent and Trademark Office patent files or records, but otherwise reserves all copyright 
and trade dress rights whatsoever. 

RELATED APPLICATION INFORMATION 

[0002] The present application claims priority upon Japanese Patent Application No. 
2002-317597 filed on October 31, 2002, which is herein incorporated by reference. 



File No. S008-P03196US 

BACKGROUND OF THE INVENTION 



2 



Field Of The Invention 

[0003] The present invention relates to a single-phase motor driving circuit, and a single- 
phase motor driving method. 

Description Of Related Art 

[0004] For example, in a motor driving system disclosed in Japanese Utility Model 
Application Laid-Open Publication No. Hei3-74199, a comparator outputs a pulse signal 
(control signal) of "H" for driving a motor based on a saw-tooth wave voltage generated in 
accordance with a phase switching signal. A detected temperature voltage based on a 
temperature detected by a thermistor is inputted to the comparator as a comparison input 
relative to the saw-tooth wave voltage. That is, the comparator outputs the pulse signal of 
"H" in a period in which the saw-tooth wave voltage is larger than the detected temperature 
voltage. 

[0005] The detected temperature voltage fluctuates in a certain range in accordance with 
a change in temperature detected by the thermistor. Thus, a width of the pulse signal of "H" 
outputted by the comparator is widened or narrowed in accordance with the change in the 
temperature detected by the thermistor. That is, the widening/narrowing of the width of the 
pulse signal can vary a revolution speed of the motor. 

[0006] If a minimum value of the detected temperature voltage is larger than that of the 
saw-tooth wave voltage, a period in which an output of the comparator always becomes "L" 
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is inevitably generated irrespective of the change in temperature detected by the thermistor, as 
shown in FIG. 4 of Japanese Utility Model Application Laid-Open Publication No. Hei3- 
74199. Consequently, the motor cannot be revolved at a full speed. 

[0007] A particular situation is now assumed in which a temperature detected by the 
thermistor is low to increase a detected temperature voltage, and a width of a pulse signal of 
"H" outputted by the comparator becomes the narrowest. In this case, a maximum value of a 
detected temperature voltage is set large so that a revolution speed of the single-phase motor 
can be reduced more, i.e., a minimum revolution speed can be set as low as possible. 
Alternatively, a voltage for revolution at a lowest speed (lowest speed setting voltage) is set 
large in place of the detected temperature voltage. Then, when starting the single-phase 
motor in a stopped state (including restarting), the width of the pulse signal of the comparator 
is too narrow to obtain a necessary driving duty, and thus the motor cannot be started. 
Therefore, it is impossible to set low a minimum value of a revolution speed of the single- 
phase motor. 
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[0008] According to one aspect of the present invention, a single-phase motor driving 
circuit comprises a controller for outputting a control signal to drive a single-phase motor in a 
period in which a saw-tooth voltage of a predetermined cycle is larger than a duty setting 
voltage based on a result of comparing a detected temperature voltage changed based on a 
temperature detected by a temperature detecting device with a starting duty setting voltage 
increased with time while a voltage smaller than the detected temperature voltage at the time 
of starting the single-phase motor is set as an initial value. The controller sets the duty 
setting voltage as the starting duty setting voltage when the result of the comparison shows 
that the starting duty setting voltage is smaller than the detected temperature voltage, and sets 
the duty setting voltage as the detected temperature voltage when the starting duty setting 
voltage is larger than the detected temperature voltage. 

[0009] Features and objects of the present invention other than the above will become 
clear by reading the description of the present specification with reference to the 
accompanying drawings. 
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DESCRIPTION OF THE DRAWINGS 

[0010] For a more complete understanding of the present invention and the advantages 
thereof, reference is now made to the following description taken in conjunction with the 
accompanying drawings wherein: 

[0011] FIG. 1 is a circuit diagram showing a single-phase motor and its driving circuit 
according to an embodiment of the present invention; 

[0012] FIG. 2 is a circuit diagram showing a specific constitutional example of a 3-input 
comparator of the embodiment of the invention; and 

[0013] FIG. 3 is a waveform chart showing a main signal in the single-phase motor 
driving circuit of the embodiment of the invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0014] At least the following matters will be made clear by the description in the present 
specification and the description of the accompanying drawings. 

Brief Description of the Disclosure 

[0015] A single-phase motor driving circuit according to an embodiment includes a 
controller for outputting a control signal to drive a single-phase motor in a period in which a 
saw-tooth voltage of a predetermined cycle is larger than a duty setting voltage based on a 
result of comparing a detected temperature voltage changed based on a temperature detected 
by a temperature detecting device with a starting duty setting voltage increased with time 
while a voltage smaller than the detected temperature voltage at the time of starting the 
single-phase motor is set as an initial value. 

[0016] The controller sets the duty setting voltage as the starting duty setting voltage 
when the result of the comparison shows that the starting duty setting voltage is smaller than 
the detected temperature voltage, and the duty setting voltage as the detected temperature 
voltage when the starting duty setting voltage is larger than the detected temperature voltage. 

[0017] The controller may be constructed in an integrated circuit. 

[0018] The single-phase motor driving circuit may further include a section for 
generating the detected temperature voltage, a section for generating the starting duty setting 
voltage, and a section for generating the saw-tooth voltage. 
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[0019] The initial value of the starting duty setting voltage is preferably smaller than a 
minimum value of the saw-tooth voltage. 

[0020] The section for generating the starting duty setting voltage has at least a capacitor, 
and a power source is connected to one end of the capacitor, while a switching device is 
connected to the end. The switching device is turned ON to discharge electricity from the 
capacitor when the single-phase motor is stopped, and the switching device is turned OFF to 
start charging the capacitor from the power source when the single-phase motor is started. A 
transitional rising voltage which appears at the end of the capacitor in the charging step may 
be the starting duty setting voltage. 

[0021] The single-phase motor driving circuit can further include a logic section for 
generating a driving signal based on the control signal and outputting the generated driving 
signal the single-phase motor. 

[0022] A single-phase motor driving method according to an embodiment includes the 
steps of: outputting a control signal to drive a single-phase motor in a period in which a saw- 
tooth voltage of a predetermined cycle is larger than a duty setting voltage based on a result 
of comparing a detected temperature voltage changed based on a temperature detected by a 
temperature detecting device with a starting duty setting voltage increased with time while a 
voltage smaller than the detected temperature voltage at the time of starting the single-phase 
motor is set as an initial value; setting the duty setting voltage as the starting duty setting 
voltage when the result of the comparison shows that the starting duty setting voltage is 
smaller than the detected temperature voltage; and setting the duty setting voltage as the 
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detected temperature voltage when the starting duty setting voltage is larger than the detected 
temperature voltage. 

Overall Constitution of Single-phase Motor Driving Circuit 

[0023] Description will be made for an overall constitution of the single-phase motor 
driving circuit of the embodiment by referring to a circuit block diagram of FIG. 1. In the 
embodiment, it is assumed that the single-phase motor driving circuit is integrated, and 
peripheral circuit devices such as a single-phase coil are externally connected to the circuit. 

[0024] As shown in FIG. 1, NPN type bipolar transistors 102, 104 receive driving signals 
A, D to supply driving currents in a right direction in the drawing ('a 1 direction) of a single- 
phase coil 106. Thus, a collector emitter path of the bipolar transistor 102, the single-phase 
coil 106 and a collector emitter path of the bipolar transistor 104 are serially connected 
between a power source VCC and a ground VSS. Similarly, NPN type bipolar transistors 
108, 110 receive driving signals C, B to supply driving currents in a left direction in the 
drawing (V direction) of the single-phase coil 106. Thus, a collector emitter path of the 
bipolar transistor 108, the single-phase coil 106 and a collector emitter path of the bipolar 
transistor 1 10 are serially connected between the power source VCC and the ground VSS. 

[0025] The bipolar transistors 102, 104 and the bipolar transistors 108, 110 are 
complementarily turned ON/OFF to properly change the directions of the driving currents of 
the single-phase coil 106, whereby the single-phase motor is revolved. A regenerative diode 
1 12 regenerates a driving current when the direction of the driving current of the single-phase 
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coil 106 is changed from the a direction to the b direction, and it is connected in parallel to 
the collector emitter path of the bipolar transistor 1 10. Similarly, a regenerative diode 1 14 
regenerates a driving current when the direction of the driving current of the single-phase coil 
106 is changed from the b direction to the a direction, and it is connected in parallel to the 
collector emitter path of the bipolar transistor 104. 

[0026] Thus, when the bipolar transistors 102, 104 and the bipolar transistors 108, 110 
are complimentarily turned ON/OFF to revolve the single-phase motor, a driving duty of the 
revolution is decided in accordance with a control signal outputted from a driving duty 
deciding comparator CMP. That is, a detected temperature voltage VTH, a starting duty 
setting voltage RMI, and a triangular wave signal (saw-tooth voltage) PWM are inputted to 
the driving duty deciding comparator CMP. The control signal outputted from the driving 
duty deciding comparator CMP is a pulse signal in which 25 kHz is a basic frequency. In 
other words, pulse width modulation (PWM) control is carried out for ON/OFF-driving of the 
bipolar transistors 102, 104 and the bipolar transistors 108, 1 10. 

[0027] Therefore, as shown in FIG. 1, in a period in which the driving current is supplied 
to the single-phase coil 106 in the direction of an arrow a, the bipolar transistor 104 is always 
maintained in an ON state, while the bipolar transistor 102 is turned ON/OFF based on the 
basic frequency of 25 kHz. Conversely, in a period in which the driving current is supplied 
to the single-phase coil 106 in the direction of an arrow b, the bipolar transistor 1 10 is always 
maintained in an ON state, while the bipolar transistor 108 is turned ON/OFF based on the 
basic frequency of 25 kHz. 
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[0028] Then, according to the present invention, the pulse signal from the driving duty 
deciding comparator CMP fluctuates based on the basic frequency of 25 kHz in accordance 
with changes in the detected temperature voltage VTH and the starting duty setting voltage 
RMI as described later. This fluctuation changes the ON/OFF operations of the bipolar 
transistors 102, 104 and the bipolar transistors 108, 110 to control the driving duty of the 
single-phase motor. 

[0029] A hall device 1 16 is fixed to a predetermined position opposite a magnet on the 
rotor side of the single-phase motor, and biased by a constant voltage. The hall device 1 16 
outputs a sine-wave signal in accordance with a revolution position of the single-phase 
motor, i.e., a change in the magnetic pole of the opposite rotor side. 

[0030] A comparator circuit 1 1 8 has hysteresis characteristics for preventing chattering, 
and uses the sine- wave signal from the hall device 116 as a rectangular wave signal. The 
rectangular wave signal is a commutation signal which is a basis for switching the driving 
current of the single-phase coil 106 to any one of the a and b directions. 

[0031] A revolution stop detection circuit 122 includes a capacitor 124, a constant current 
source 126, an NPN type bipolar transistor 128, a comparator circuit 130 and a reference 
voltage VREF, and detects revolution or stop of the single-phase motor. Herein, the 
capacitor 124 and the constant current source 126 constitute a charging circuit, and the 
capacitor 124 and the bipolar transistor 128 constitute a discharging circuit. As a result, a 
charge/discharge voltage having a saw-tooth shape appears on an ungrounded side of the 
capacitor 124. A - (inverting input) terminal of the comparator circuit 130 is connected to 
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the reference voltage VREF, while a + (non-inverting input) terminal is connected to the 
ungrounded side of the capacitor 124. That is, the comparator circuit 130 compares the 
voltage on the ungrounded side of the capacitor 124 with the reference voltage VREF in size 
to output a detection signal which becomes "L" during the revolution of the single-phase 
motor, and "H" during the stop of the single-phase motor. 

[0032] The output from the revolution stop detection circuit 122 is supplied to a starting 
duty setting voltage generation circuit (section for generating starting duty setting voltage) 
200. This starting duty setting voltage generation circuit 200 includes an NPN type bipolar 
transistor (switching device) Trl, and a charge/discharge circuit connected to the outside. 
The charge/discharge circuit includes a power source Vcc, a capacitor CI and voltage- 
dividing resistors Rl, R2. The capacitor CI is connected in parallel to the voltage-dividing 
resistor Rl. A parallel circuit constituted of the capacitor CI and the voltage-dividing 
resistor Rl, and the voltage-dividing resistor R2 are serially connected between the power 
source Vcc and the ground Vss. With respect to the bipolar transistor Trl, an output voltage 
of the revolution stop detection circuit 122 is applied to its base, and its emitter is grounded. 
A collector of the bipolar transistor Trl is connected to a connection point between the 
parallel circuit, constituted of the capacitor CI and the voltage-dividing resistor Rl, and the 
voltage-dividing resistor R2. A starting duty setting voltage RMI is generated at the 
connection point. That is, a voltage between terminals of the capacitor CI becomes a starting 
duty setting voltage RMI. 
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[0033] A thermistor Rs and a resistor R3 are serially connected between the power source 
Vcc and the ground Vss to constitute a detected temperature voltage generation circuit 
(section for generating detected temperature voltage) 300. The thermistor Rs is attached to a 
housing of a fan in order to detect an ambient temperature of the fan driven by the single- 
phase motor. A detected temperature voltage VTH which reflects the ambient temperature of 
the fan is generated at a connection point between the thermistor Rs and the resistor R3. The 
thermistor Rs has a negative temperature coefficient, and the detected temperature voltage 
VTH is reduced when a temperature rises in the housing. 

[0034] The output voltage VTH from the detected temperature voltage generation circuit 
300, the output voltage RMI from the starting duty setting voltage generation circuit 200, and 
a triangular wave signal (saw-tooth voltage) PWM from a PWM circuit (section for 
generating saw-tooth voltage) are inputted to a driving duty deciding comparator CMP. This 
driving duty deciding comparator (controller for outputting control signal to drive the single- 
phase motor) CMP includes a 3-differential (3-input) comparator. The PWM circuit (PWM 
in FIG. 1) outputs a triangular wave signal PWM as a PWM control signal in order to control 
a revolution speed of the single-phase motor. 

[0035] As a specific constitutional example, as shown in a circuit diagram of FIG. 2, the 
driving duty deciding comparator CMP includes a constant current source, three PNP type 
bipolar transistors TrlO, Tr20, Tr30, one NPN type bipolar transistor Tr40, a bias resistor 
R10, and a resistor R20. Emitters of the three bipolar transistors TrlO, Tr20, Tr30 are 
connected to the constant current source. Collectors of the two bipolar resistors TrlO, Tr20 
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are grounded. The bias resistor RIO is connected between a base and an emitter of the 
bipolar transistor Tr40, and a connection point between this emitter and the bias resistor RIO 
is grounded. A collector of the bipolar transistor Tr30 is connected to the base of the bipolar 
transistor Tr40. The power source Vcc is connected through the resistor R20 to a collector of 
the bipolar transistor Tr40. 

[0036] In the driving duty deciding comparator CMP of the aforementioned constitution, 
a detected temperature voltage VTH is applied to the base of the bipolar transistor TrlO. A 
starting duty setting voltage RMI is applied to the base of the bipolar transistor Tr20. A 
triangular wave signal PWM is applied to the base of the bipolar transistor Tr30. An output 
signal of the driving duty deciding comparator CMP appears as a driving duty control signal 
at the collector of the bipolar transistor Tr40. 
0 

[0037] A logic circuit (logic section for generating a driving signal based on control 
signal and outputting the generated driving signal to the single-phase motor) 132 executes 
signal processing based on outputs of the driving duty deciding comparator CMP and the 
comparator circuit 118. As a result, as described above, the logic circuit 132 outputs driving 
signals A, B, C, D to complementarity turn ON/OFF the bipolar transistors 102, 104 and the 
bipolar transistors 108, 110. 

[0038] The circuit shown in FIG. 1 can be constituted of one integrated circuit excluding 
the detected temperature voltage generation circuit 300. However, a constitution can be 
employed in which the portion of the aforementioned charge/discharge circuit (or only 
capacitor CI) of the starting duty setting voltage generation circuit 200 is externally attached. 
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Operation of Single-phase Mot r Driving Circuit 

[0039] Description will be made for a characteristic operation of the single-phase motor 
driving circuit of the embodiment by referring to the circuit diagram of FIG. 2 and the 
waveform chart of FIG. 3. 

[0040] First, a control principle of a driving duty will be described by referring to the 
waveform chart of FIG. 3. The waveform chart of FIG. 3 is a conceptual view for easy 
explanation of the operation. 

[0041] As shown in periods TO, TO' of FIG. 3, a starting duty setting voltage RMI is 
increased with time at the time of starting the single-phase motor which is a driving target, 
while a voltage smaller than a detected temperature voltage VTH is set as an initial value. 
That is, at the initial time of starting (at the time of supplying power), a voltage (starting duty 
setting voltage RMI) between the terminals of the capacitor CI is zero. At the time of 
restarting, since a voltage on the ungrounded side of the capacitor 124 is larger than the 
reference voltage VREF, an output of the comparator circuit 130 becomes "H" to turn ON the 
bipolar transistor Trl. As a result, a voltage (starting duty setting voltage RMI) between the 
terminals of the capacitor CI is also zero at the time of restarting. 

[0042] The driving duty deciding comparator CMP compares the starting duty setting 
voltage RMI with the detected temperature voltage VTH. Any of the starting duty setting 
voltage RMI or the detected temperature voltage VTH, which is found to be smaller as a 
result of the comparison, is set as a duty setting voltage. Then, as shown in the waveform 
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chart of the comparator output in FIG. 3, the driving duty deciding comparator CMP outputs 
a control signal of "H" only in a period in which the triangular wave signal PWM is larger 
than the duty setting voltage. 

[0043] That is, the starting duty setting voltage RMI is smaller than the detected 
temperature voltage VTH during the starting of the single-phase motor which is the driving 
target (periods TO, TO' of FIG. 3). In this case, the driving duty deciding comparator CMP 
sets the starting duty setting voltage RMI as a duty setting voltage. As a result, the driving 
duty deciding comparator CMP outputs a control signal only in the period in which the 
triangular wave signal PWM is larger than the starting duty setting voltage RMI. Thus, 
compared with the conventional case in which a lowest speed setting voltage is a duty setting 
voltage, it is possible to increase a pulse width of the output of the driving duty deciding 
comparator CMP. Therefore, at the time of starting the single-phase motor, a driving duty 
can be set large to enable starting of the single-phase motor. 

[0044] By setting an initial value (about 0 V in FIG. 3) of the starting duty setting voltage 
RMI smaller than a minimum value of the triangular wave signal, it is possible to surely start 
the single-phase motor by a maximum driving duty at the initial starting stage of the period 
TO in FIG. 3. 

[0045] Subsequently, the starting duty setting voltage RMI is gradually increased as the 
time passes. Then, as shown in a period Tl of FIG. 3, when the starting duty setting voltage 
RMI becomes a certain maximum value (lowest speed setting voltage in FIG. 3), the driving 
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duty deciding comparator CMP outputs a control signal of a narrowest pulse width in order to 
revolve the single-phase motor at a lowest revolution speed for the time of a low temperature. 

[0046] The certain maximum value of the starting duty setting voltage RMI, i.e., the 
lowest speed setting voltage, can be properly set by changing a capacity value of the capacitor 
CI in the starting duty setting voltage generation circuit 200 of FIG. 1. As it is not involved 
in the driving duty at the time of starting, the lowest speed setting voltage can be set lower 
compared with the conventional case to enable a further reduction in a lowest revolution 
speed. 

[0047] A temperature rise caused by the revolution of the single-phase motor is 
accompanied by a gradual reduction in the detected temperature voltage VTH. Thus, when 
the starting duty setting voltage RMI passes through a cross point in FIG. 3 to become larger 
than the detected temperature voltage VTH (period T2, PWM control variable speed area in 
FIG. 3), the driving duty deciding comparator CMP switches the duty setting voltage to the 
detected temperature voltage VTH. As a result, the driving duty deciding comparator CMP 
outputs a control signal only in a period in which the triangular wave signal PWM is larger 
than the detected temperature voltage VTH. In other words, the single-phase motor is 
revolved by a driving duty in accordance with the detected temperature VTH of the 
thermistor Rs. 

[0048] When the temperature rise caused by the revolution of the single-phase motor 
progresses, and the detected temperature VTH of the thermistor Rs becomes high (period T3, 



File No. S008-P03196US 

full speed area in FIG. 3), a control signal outputted from the driving duty deciding 
comparator CMP becomes full driving of a duty 100%. 

[0049] Next, description will be made for an operation of the circuit device which 
realizes the foregoing driving duty control principle. 

[0050] Description will be made of a process from the starting (or restarting) of the 
single-phase motor in a stopped state to the driving by the driving duty in accordance with the 
detected temperature VTH of the thermistor Rs (periods T0 3 Tl in FIG. 3). As shown in FIG. 
2, the output voltage (detected temperature voltage) VTH and the triangular wave signal 
PWM have been respectively inputted from the detected temperature voltage generation 
circuit 300 and the PWM to the driving duty deciding comparator CMP. In addition, the 
output voltage (starting duty setting voltage) RMI has been inputted from the starting duty 
setting voltage generation circuit 200 to the comparator CMP. 

[0051] As shown in FIG. 3, the starting duty setting voltage RMI is changed with time at 
the time of starting. That is, a detection signal outputted from the revolution stop detection 
circuit 122 of FIG. 1 is changed from "H" indicating the stop of the single-phase motor to 
"L" indicating the revolution of the single-phase motor. This detection signal "L" is applied 
to the base of the bipolar transistor Trl of the starting duty setting voltage generation circuit 
200 in FIG. 1 , and the bipolar transistor Trl is switched from an ON state to an OFF state. 

[0052] That is, first, in the stopped state of the single-phase motor, as shown in FIG. 1, 
the capacitor CI is in a discharged state since the bipolar transistor Trl is in the ON state. 



File No. S008-P03196US 

18 

Thus, for the starting duty setting voltage RMI inputted to the comparator CMP, only a low 
voltage (about 0 V in FIG. 3) of an ON resistance portion of the bipolar transistor Trl is 
generated. This voltage VI is an initial value of the starting duty setting voltage. 

[0053] In the process from the stopped state to a starting state through application of the 
triangular wave signal PWM to the base of the bipolar transistor Tr30, the detected 
temperature voltage VTH is applied to the base of the bipolar transistor TrlO, and the starting 
duty setting voltage RMI is applied to the base of the bipolar transistor Tr20. At this time, as 
shown in FIG. 3, the starting duty setting voltage RMI is much lower than the detected 
temperature voltage VTH. Thus, the bipolar transistor TrlO to the base of which the detected 
temperature voltage VTH is applied is turned OFF, while the bipolar transistor Tr20 to the 
base of which the starting duty setting voltage RMI is applied is turned ON. Then, the 
bipolar transistor Tr30 to the base of which the triangular wave signal PWM is applied is 
turned OFF in the period in which the triangular wave signal PWM is larger than the starting 
duty setting voltage RMI. As a result, the bipolar transistor Tr40 at the collector of which the 
output of the comparator CMP appears outputs a signal of "H" in the period in which the 
triangular wave signal PWM is larger than the starting duty setting voltage RMI. As shown 
in the waveform chart of FIG. 3, at the initial starting stage of the period TO, the starting duty 
setting voltage RMI is smaller than the minimum value of the triangular wave signal PWM. 
Thus, the single-phase motor starts driving by a full duty. 

[0054] At the same time, the switching of the bipolar transistor Trl in FIG. 1 to the OFF 
state is accompanied by starting of charging of the capacitor CI which has been in the 
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discharged state. Then, as the voltage between the terminals of the capacitor CI 
transitionally rises, the starting duty setting voltage RMI inputted to the comparator CMP is 
gradually increased. A degree of this increase can be set based on a capacity of the capacitor 
CI and values of the voltage-dividing resistors Rl, R2 which constitute the charge/discharge 
circuit. In the periods TO, TO', Tl in the process of this increase, the starting duty setting 
voltage RMI is still smaller than the detected temperature voltage VTH. Thus, the bipolar 
transistor TrlO to the base of which the detected temperature voltage VTH is applied is kept 
OFF, while the bipolar transistor Tr20 to the base of which the starting duty setting voltage 
RMI is applied is kept ON. Then, the bipolar transistor Tr30 to the base of which the 
triangular wave signal PWM is applied is turned OFF in the period in which the triangular 
wave signal PWM is larger than the starting duty setting voltage RMI, and turned ON in the 
period in which the triangular wave signal PWM is smaller than the starting duty setting 
voltage RMI. As a result, the bipolar transistor Tr40 at the collector of which the output of 
the comparator CMP appears outputs a signal of "H" in the period in which the triangular 
wave signal PWM is larger than the starting duty setting voltage RMI, and outputs a signal of 
"L" in the period in which the triangular wave signal PWM is smaller than the starting duty 
setting voltage RMI. Thus, the comparator CMP outputs a pulse signal in which the period 
of "H" becomes shorter as the starting duty setting voltage RMI rises. 

[0055] Then, as shown in the periods T2, T3 of FIG. 3, when the starting duty setting 
voltage RMI becomes larger than the detected temperature voltage VTH after the completion 
of charge of the capacitor CI, the bipolar transistor TrlO to the base of which the detected 
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temperature voltage VTH is applied is kept ON, while the bipolar transistor Tr20 to the base 
of which the starting duty setting voltage RMI is applied is turned OFF. 

[0056] Then, the bipolar transistor Tr30 to the base of which the triangular wave signal 
PWM is applied is turned OFF in the period in which the triangular wave signal PWM is 
larger than the detected temperature voltage VTH, and turned ON in the period in which the 
triangular wave signal PWM is smaller than the detected temperature voltage VTH. As a 
result, the bipolar transistor Tr40 at the collector of which the output of the comparator CMP 
appears outputs a signal of "H" in the period in which the triangular wave signal PWM is 
larger than the detected temperature voltage VTH, and outputs a signal of "L" in the period in 
which the triangular wave signal PWM is smaller than the detected temperature voltage 
VTH. Thus, the comparator CMP outputs a pulse signal in accordance with the detected 
temperature voltage VTH of the thermistor Rs. 

[0057] If the rotor of the single-phase motor is locked, since no discharge pulse is 
generated from the logic circuit 132, the voltage between the terminals of the capacitor 124 
becomes larger than the reference voltage VREF. As a result, the bipolar transistor Trl is 
turned ON, and the voltage between the terminals of the capacitor CI (staring duty setting 
voltage RMI) becomes zero. Thus, at the time of restarting, the single-phase motor starts 
driving by a full duty similarly to the case at the time of supplying power. 

[0058] When starting the single-phase motor, the single-phase motor can be started 
(restarted) based on the starting duty setting voltage. Thus, irrespective of a driving duty at 
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the time of starting, a minimum value of the driving duty can be set as small as possible in 
order to revolve the single-phase motor at a lowest speed after the starting. 

[0059] Although the preferred embodiment of the present invention has been described in 
detail, it should be understood that various changes, substitutions and alterations can be made 
therein without departing from spirit and scope of the inventions as defined by the appended 
claims. 



